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OPTICAL PICKUP APPARATUS AND OPTICAL SYSTEM 
FOR OPTICAL PICKUP APPARATUS 

BACKGROUND OF THE INVENTION 

5 FIELD OF THE INVENTION: 

The present invention relates to an optical pickup 
apparatus and an optical system used therefor and, more 
particularly, to an optical pickup apparatus which can 
record and/or reproduce information on/from an optical 

10 information recording medium by using the light beams 
emitted from light sources having different light source 
wavelengths and an objective lens used for the apparatus. 
DESCRIPTION OF THE PRIOR ART: 

Recently, research and development have quickly 

15 progressed toward a high-density optical disc system which 
can record/reproduce information by using a blue-violet 
semiconductor laser having a wavelength of about 400 nm. 
An optical disc which records/reproduces information under 
the specifications of an NA of 0.85 and a light source 

20 wavelength of 405 nm (in this specification, such an 
optical disc will be referred to as a "high-density DVD" 
hereinafter) can record 20 to 30 GB of information per 
surface with the same diameter as that of a DVD (NA: 0.6, 
light source wavelength: 650 nm, storage- capacity: 4.7 GB) , 

25 which is 12 cm. 

The ability of properly recording/reproducing 
information on/from such a high-density DVD alone is not 
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enough in terms of the value of an optical pickup apparatus 
as a product. In consideration of the current situation in 
which DVDs . and CDs on which various kinds of information 
are recorded are on the market, in addition to the, ability 
of properly recording/reproducing information on/from a 
high-density DVD, providing a compatible type optical 
pickup apparatus with the ability of properly 
recording/reproducing information on/from a conventional 
DVD or CD which the user owns will increase the value of 
the apparatus as a product. Under such circumstances, it 
is required for a focusing optical system used for a 
compatible type optical pickup apparatus to ensure a 
predetermined spot light amount for proper 

recording/reproduction of information on/from any one of 
high-density DVDs, conventional DVDs, and CDs as well as 
having a low-cost, simple arrangement. For example, 

Japanese Unexamined Patent Publication No. 2003-91859 
discloses such a compatible type optical pickup apparatus 
realized by using a hologram optical element. 

When information is to be recorded and/or reproduced 
on/from CDs, DVDs, and high-density DVDs by using the same 
focusing optical system, for example, the different 
thicknesses of the protective layers cause spherical 
aberration and different numerical apertures (NAs) make it 
necessary to provide a stop. In order to solve such 
problems, a different order diffraction technique has been 
developed. According to this technique, light focusing 
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operation is performed by using diffracted light of an 
order where the highest diffraction efficiency is obtained 
when light beams from semiconductor lasers having different 
light source wavelengths are made to pass through the 
5 diffraction structure provided on an objective lens. This 
makes it possible to correct spherical aberration due to 
the differences in thickness between protective layers or 
to provide the function of a stop by forming a light beam 
in a region exceeding a predetermined numerical aperture 

10 into flare. 

According to the different order diffraction 
technique, however, a diffraction effect (convergence 
angle) appears when (diffraction order x wavelength) of a 
given light beam becomes equal to that of another light 

15 beam. Assume that a light beam used for a CD has a 
wavelength near 800 nm, and a light beam used for a 
high-density DVD has a wavelength near 400 nm. In this 
. case, therefore, in order to differentiate (to change the 
convergence angle) a light beam used for the high-density 

20 DVD which passes through the diffraction structure of the 
objective lens from a light beam used for the CD, a 
restriction must be imposed such that any even-numbered 
diffraction order cannot be selected as a diffraction order 
where the highest diffraction efficiency occurs at 400 nm. 

25 In addition, if an odd-numbered diffraction order is 
selected, sufficient diffraction efficiencies cannot be 
simultaneously obtained at the two wavelengths, resulting 
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in an insufficient spot light amount. Furthermore, there 
is a problem as to how to correct spherical aberration for 
optical information recording media which use the same 
operating wavelength and have different protective layer 
5 thicknesses . 

SUMMARY OF THE INVENTION 

The present invention has been made in consideration 
of the above problems in the prior art, and has as its 
object to provide an optical pickup apparatus which 

10 increases the degree of freedom in the design of an 
objective lens, has a simple arrangement, and can properly 
record/reproduce information on/from a plurality of optical 
information recording media, and an optical system for the 
optical pickup apparatus. 

15 In order to achieve the above object, according to 

the first aspect "of the present invention, there is 
provided an optical pickup apparatus comprising a first 
laser source which emits a first beam, a. second laser 
source which emits a second beam having a polarization 

20 plane substantially perpendicular to a polarization plane 
of the first beam, a polarization diffraction element which 
selectively diffracts one of the first beam and the second 
beam in accordance with polarized states thereof (e.g., the 
directions of the polarization planes), and an objective 

25 lens which records and/or reproduces information by 
focusing the first beam which has passed through the 
polarization diffraction element onto an information 
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recording surface of a first optical information recording 
medium, and records and/or reproduces information by- 
focusing the second beam which has passed through the 
polarization diffraction element onto an information 
5 recording surface of a second optical information recording 
medium. 

Assume that in spite of the fact that the thickness 
of the protective layer of an optical information recording 
medium (to be also referred to as an optical disc) using 

10 the first beam is different from that of the protective 
layer of an optical information recording medium using the 
second beam, the wavelength of the first beam is equal to 
that of the second beam. . In this case, if the same optical 
system is used, spherical aberration occurs with respect to 

15 one beam. According to the present invention, however, a 
diffraction effect is applied to only one beam through the 
polarization diffraction unit to suppress the occurrence of 
spherical aberration at the use of both the optical 
information recording media, thereby properly recording 

20 and/or reproducing information. Even if different 

numerical apertures (NAs) are used, only one beam which 
exceeds a required numerical aperture is formed into flare 
through the polarization diffraction unit to properly 
record and/or reproduce information on/from either of the 

25 optical information recording media. 

According to the* second aspect of the present 
invention, in the optical pickup apparatus described in the 
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first aspect, the first laser source and the second laser 
source emit beams having different wavelengths, the 
objective lens includes a refraction lens, which has a 
positive power, and a diffraction lens structure, which has 
5 a plurality of rings with fine stepped portions formed on 
at least one of lens surfaces of the refraction lens, and a 
diffraction order in the diffraction lens structure at 
which a highest diffraction efficiency is obtained with 
respect to a beam having a shorter wavelength is different 

10 -from a diffraction order at which a highest diffraction 
efficiency is obtained with respect to a beam having a 
longer wavelength, and the polarization diffraction element 
generates diffracted light which exhibits a highest 
diffraction efficiency at a predetermined diffraction order 

15 other than 0 when one of the first beam and the second beam 
is incident in a predetermined polarized state. 

When, for example, information is to be recorded 
and/or reproduced on/from optical information recording 
media, such as a CD, DVD , and high-density DVD, which 

20 differ in protective layer thickness or numerical aperture 
(NA) , a diffraction effect is applied to only one beam 
through the polarization diffraction unit. This make it 
possible to suppress the occurrence of spherical aberration 
upon use of any optical information recording medium, and 

25 to properly record and/or reproduce information. In 
addition, with regard to different numerical apertures 
(NAs) , a beam of only one beam which exceeds a required 
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numerical aperture is formed into flare through the 
polarization diffraction unit to properly record and/or 
reproduce . information on/from either of the optical 
information recording media. 
5 According to the third aspect of the present 

invention, there is provided an optical pickup apparatus 
wherein the polarization diffraction element described in 
the first or second aspect generates diffracted light with 
a diffraction efficiency of not less than 85% with respect 

10 to one of two incident light beams having orthogonal 
-polarization planes. 

According to the fourth aspect of the present 
invention , in the optical pickup apparatus described in the 
second or third aspect, letting X 1 be a wavelength of the 

15 first beam, ml be a diffraction order at which a highest 
diffraction efficiency is obtained when the first beam 
passes through the diffraction lens structure, X 2 ( X 2 > X 
1) be a wavelength of the second beam, and m2 be a 
diffraction order at which a highest diffraction efficiency 

2 0 is obtained when the second beam passes through the 
diffraction lens structure, the following condition is 
satisfied, and the polarization diffraction unit 
selectively generates diffracted light when one beam passes 
therethrough 

25 0.9< |ml-Xl|/|m2-X2|<l.l ... (1) 

According to the fifth aspect of the present 
invention, the optical pickup apparatus described in the 
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second or third aspect includes a third laser source which 
emits a third beam having a wavelength X 3 such that a 
polarization plane becomes substantially perpendicular to a 
polarization plane of the first beam or the second beam, 
5 and letting X 1 ( X 1 < X 3) be a wavelength of the first 
beam, ml be a diffraction order at which a highest 
diffraction efficiency is obtained when the first beam 
passes through the diffraction lens structure, X 2 ( X 1 < X 
2 < X 3) be a wavelength of the second beam, m2 be a 

10 diffraction order at which a highest diffraction efficiency 
is obtained when the second beam passes through the 
diffraction lens structure, and m3 be a diffraction order 
at which a highest diffraction efficiency is obtained when 
the third beam passes through the diffraction lens 

15 structure, the following condition is satisfied, and the 
polarization diffraction unit selectively generates 
diffracted light when one beam or two beams pass 
therethrough 

0.9< |ml-ll|/|m2-X2|<l.l ' ...(2) 
20 | m3 • X3 | / | ml • XI |" < 0.9 or 

| m3 • X3 | / | ml • XI \ > 1.1 - - - (3) 

According to the sixth aspect of the present 
invention, there is provided an optical pickup apparatus 
wherein the polarization diffraction unit described in the 
25 fifth aspect selectively diffracts the two beams having the 
aligned polarization planes, and diffraction efficiencies 
for the two wavelengths become maximized at different 
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diffraction orders. 

According to the seventh aspect of the present 
invention, there is provided an optical pickup apparatus 
wherein the polarization diffraction unit described in any 
5 one of the first to sixth aspects is driven integrally with 
the objective lens. 

According to the eighth aspect of the present 
invention, there is provided an optical pickup apparatus 
wherein the polarization diffraction unit described in any 

10 one of the first to seventh aspects is configured such that 
a birefringent medium and an isotropic medium are placed in 
tight contact with each other in an optical axis direction. 

According to the ninth aspect of the present 
invention, there is provided an optical pickup apparatus 

15 wherein the birefringent -medium described in the eighth 
aspect has a cross-section which is taken along a plane 
perpendicular to a traveling direction of incident light 
and is formed concentrically, and a cross-section which is 
taken along a plane in a radial direction including the 

20 traveling direction of the incident light and is formed in 
a sawtooth shape. 

According to the 10th aspect of the present 
invention, there is provided an optical system for an 
optical pickup apparatus, comprising an objective lens 

25 having a refraction lens, which has a positive power, and a 
diffraction lens structure, which has a plurality of rings 
with fine stepped portions formed on at least one of lens 
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surfaces of the refraction lens, and a polarization 
diffraction unit for selectively diffracting light 
depending on a polarization direction, wherein incident 
light from a light source is made to pass through the 
5 polarization diffraction unit and the diffraction lens 
structure and is focused by the refraction lens having 
positive power, a diffraction order in the diffraction lens 
structure at which a highest diffraction efficiency is 
obtained with respect to a beam having a short wavelength 

10 of a plurality of wavelengths used for information 
recording and/or reproduction is different from a 
diffraction order at which a highest diffraction efficiency 
is obtained with respect to a beam having a long 
wavelength, and the polarization diffraction unit generates 

15 diffracted light which exhibits a highest diffraction 
efficiency at a predetermined diffraction order other than 
0 when at least a beam having one wavelength of the 
plurality of wavelengths is incident in a predetermined 
polarized state. 

20 The function and effect of the 10th aspect are the 

same as those of the second aspect described above. 

According to the .11th aspect of the present 
invention, there is provided an optical system for an 
optical pickup apparatus wherein the polarization 
25 diffraction unit described in the 10th aspect generates 
diffracted light with a diffraction efficiency of not less 
than 85% with respect to one of two incident light beams 
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having orthogonal polarization planes. 

According to the 12th aspect of the present 
invention, in the optical system for the optical pickup 
apparatus described in the 10th or 11th aspect, letting Xl 
5 be a wavelength of the first beam, ml be a diffraction 
order at which a highest diffraction efficiency is obtained 
when the first beam passes through the diffraction lens 
structure, X 2 ( X 2 > X 1) be a wavelength of the second 
beam, and m2 be a diffraction order at which a highest 

10 diffraction efficiency is obtained when the second beam 
passes through the diffraction lens structure, the 
following condition is satisfied, and the polarization 
diffraction unit selectively generates diffracted light 
when one beam passes therethrough 

15 0.9<!ml-Al|/|m2-X2|<l.l ...(1) 

According to the 13th -aspect of the present 
invention, in the optical system for the optical pickup 
apparatus described in the 10th or 11th aspect, the optical 
system includes a third laser source which emits a third 

20 beam having a wavelength X3 such that a polarization plane 
becomes substantially perpendicular to a polarization plane 
of the first beam or the second beam, and letting X 1 ( X 1 
< X 3) be a wavelength of the first beam, ml be a 
diffraction order at which a highest diffraction efficiency 

25 is obtained when the first beam passes through the 
diffraction lens structure, X 2 ( X 1 < X 2 < X 3) be a 
wavelength of the second beam, m2 be a diffraction order at 
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which a highest diffraction efficiency is obtained when the 
second beam passes through the diffraction lens structure, 
and m3 be a diffraction order* at which a highest 
diffraction efficiency is obtained when the third beam 
5 passes through the diffraction lens structure, the 
following condition is satisfied, and the polarization 
diffraction unit selectively generates diffracted light 
when one beam or two beams pass therethrough 

0.9 < | ml • XI | / | m2 • X2 | < 1.1 ... (2) 

10 | m3 • X 3 | / | ml • X 1 | < 0 . 9 or 

| m3 • X3 | / | ml * XI \ > 1.1 ... (3) 

According to the 14th aspect of the present 
invention, there is provided an optical system for an 
optical pickup apparatus wherein the polarization 

15 diffraction unit described in any one of the 10th to 13th 
aspects selectively diffracts the two beams having the 
aligned polarization planes, and diffraction efficiencies 
for the two wavelengths become maximized at different 
diffraction orders. 

20 According to the 15th aspect of the present 

invention, there is provided an optical system for an 
optical pickup apparatus wherein the polarization 
diffraction unit described in any one of the 10th to 14th 
aspects is driven integrally with the objective lens. 

25 According to the 16th aspect of the present 

invention, there is provided an optical system for an 
optical pickup apparatus, wherein the polarization 
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diffraction unit described in any one of the 10th to 14th 
aspects is configured such that a birefringent medium and 
an isotropic medium are placed in tight contact with each 
other in an optical axis direction. 
5 According to the 17th aspect of the present 

invention, there is provided an optical system for an 
optical pickup apparatus, wherein the birefringent medium 
described in the 16th aspect has a cross-section which is 
taken along a plane perpendicular to a traveling direction 

10 of incident light and is formed concentrically, and a 
cross-section which is taken along a plane in a radial 
direction including the traveling direction of the incident 
light and is formed in a sawtooth shape. 

As is obvious from the respective aspects described 

15 • above, according to the present invention, there are 
provided an optical pickup apparatus and objective lens 
which can properly record on and/or reproduce information 
from a high-density DVD, a conventional DVD, and a CD. 

The above and many other objects, features arid 

20 advantages of the present invention will become manifest to 
those skilled in the art upon making reference to the 
following detailed description and accompanying drawings in 
which preferred embodiments incorporating the principle of 
the present invention are shown by way of illustrative 

25 examples. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 and 2 are schematic views showing the 
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schematic arrangements of optical pickup apparatuses 
according to the first and second embodiments of the 
present invention, respectively; 

Fig. 3 is a sectional view of a polarization hologram 
5 element used in the optical pickup apparatus according to 
the present invention; 

Figs. 4 to 8 are schematic views showing the 
schematic arrangements of optical pickup apparatuses 
according to the third to seventh embodiments of the 
10 present invention, respectively; and 

Fig. 9 is a partial sectional view showing the 
diffraction structure of an objective lens used in the 
optical pickup apparatus according to the present 
invention . 

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Several preferred embodiments of the present 
invention will be described below with reference to the 
accompanying drawings . 

Fig. 1 is a schematic view showing the schematic 

2 0 arrangement of an optical pickup apparatus according to the 
first embodiment of the present invention which can 
record/reproduce information on/ from a high-density DVD 
(DSC1) and an optical disc DSC2 (hereinafter, refers to as 
a "quasi-high-density DVD) , which has a protective layer of 

25 the same thickness of 0 . 6 mm as a conventional DVD , through 
an objective lens OBJ having a numerical aperture (NA) of 
0.6 to 0.65 by making use of a light source having the 
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wavelength of 405 nm as in the high-density DVD . 

Referring to Fig. 1, the light beam (first beam) 
emitted from a first semiconductor laser BL (wavelength X 1 
= 380 nm to 450 nm, 405 nm in this case) serving as the 
5 first light source passes through a beam splitter BS is 
converted into a parallel light beam by a collimator CL. 
This light beam then passes through a polarization hologram 
element HOE as a polarization diffraction unit, and is 
focused on the information recording surface of a first 

10 optical disc DSC1 by an objective lens OBJ having a 
numerical aperture (NA) of 0.85 through the protective 
layer (thickness t = 0.09 to 0.11 mm, 0.1 mm in this case) 
of the first optical disc DSC1 , thereby forming a focused 
light spot on the information recording surface. By 

15 detecting the reflected light with a photodetector (not 
shown) , the read signal of the information recorded on the 
first optical disc DSC1 is obtained. 

Referring to Fig. 1, a second semiconductor laser AL 
(wavelength X 1 = 380 nm to 450 nm, 405 nm in this case) 

20 serving as the second light source emits a light beam 
(second beam) with its polarization plane differing from 
that of the light beam emitted from the first semiconductor 
laser BL by 90°. This light beam is reflected by the beam 
splitter BS and converted into a parallel light beam by the 

25 collimator CL. This light beam then passes through the 
polarization hologram element HOE serving as a polarization 
diffraction unit, and is focused on the information 
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recording surface of a second optical disc DSC2 by the 
objective lens OBJ through the protective layer (thickness 
t = 0.5 to 0.7 mm, 0.6 mm in this case) of the second 
optical disc DSC2 , thereby forming a focused flight spot on 
5 the information recording surface. By detecting the 

reflected light with the photodetector (not shown) , the 
read signal of the information recorded on the second 
optical disc DSC2 is obtained. 

The polarization hologram element HOE has a 

10 cross-sectional shape (a cross-sectional shape in a plane 
including an optical axis) like that shown in Fig. 3 in a 
direction perpendicular to the optical axis. 

Referring to Fig. 3, the polarization hologram 
element includes an isotropic medium H2 , a biref ringent 

15 medium H3 , and a pair of glass plates HI which are so 
placed as to sandwich these media. As shown in Fig. 3, the 
birefringent medium H3 has a sawtooth cross-sectional shape 
in the traveling direction of incident light, and has a 
diffraction structure in which many sawtooth-like portions 

20 concentrically extend from the center to the circumference. 
The practical shape of the birefringent medium H3 is not 
limited to that shown in Fig. 3. This element may have 
another sawtooth shape, and the inclined surface of each 
sawtooth may have a stepped shape. The isotropic medium H2 

2 5 has a shape complementary to the shape of the birefringent 
medium H3 , and is in tight contact with the sawtooh-like 
surface of the birefringent medium. 
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The isotropic medium H2 is a substance . having a 
refractive index n for incident light. The birefringent 
medium H3 has the property of exhibiting the refractive 
index n when the polarization plane of incident light is in 
5 a predetermined direction, and a' refractive index n' when 
the polarization plane of incident light is perpendicular 
to the predetermined direction. That is, when an emitted 
light beam (first beam) from the first semiconductor laser 
BL or an emitted light beam (second beam) from the second 

10 semiconductor laser AL is incident on the polarization 
hologram element HOE in a predetermined polarized state, 
the polarization hologram element HOE generates diffracted 
light exhibiting a highest diffraction efficiency at a 
predetermined diffraction order other than 0 . 

15 According to the first embodiment, the polarization 

plane of the light beam emitted from the first 
semiconductor laser BL is made different from that of the 
light beam emitted from the second semiconductor laser AL 
by 90°. When, therefore, the polarization plane of the 

20 light beam emitted from the first semiconductor laser BL is 
set in the predetermined direction, even passing through 
the polarization hologram element HOE is equivalent to 
passing through a homogeneous plane-parallel medium. For 
this reason, the divergence angle of the light remains the 

25 same, and the light is incident on the objective lens OBJ 
in this state. This makes it possible to properly record 
and/or reproduce information on/from, the first optical disc 
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DSC1 having a 0 . 1 ram thick protective layer. 

On the other hand, the light beam emitted from the 
second semiconductor laser AL passes through the media of 
the polarization hologram element HOE which have the 
5 refractive indexes n and n', and hence the diffraction 
structure at the interface between the media produces a 
diffraction effect equivalent to that of a positive lens. 
This causes the light to be incident on the objective lens 
OBJ upon changing the divergence angle. Even when the same 

10 objective lens OBJ is used, therefore, information can be 
properly recorded and/or reproduced on/from the second 
optical disc DSC2 having a 0 . 6 mm thick protective layer 
while spherical aberration is corrected. 

In addition, when the second optical disc DSC2 is 

15 used, the selective diffraction effect of the polarization 
hologram element HOE forms the outside light beam, which 
positions outside a predetermined numerical aperture 
necessary for the second optical disc DSC2 , into flare to 
prevent it from contributing to the formation of a light 

20 spot, thereby allowing the polarization hologram element 
HOE to have a stop function. 

In this case, the polarization hologram element HOE 
preferably generates diffracted light with a diffraction 
efficiency of 85% or more with respect to at least one of 

25 incident light beams of a predetermined wavelength which 
have orthogonal polarization planes. 

Fig. 2 is a schematic view showing the schematic 
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arrangement of an optical pickup apparatus according to the 
second embodiment of the present invention which can 
record/reproduce information .on/ from a high-density DVD 
(DSC1) and a conventional DVD (DSC3) . 
5 Referring to Fig. 2, the light beam (first beam) 

emitted from a first semiconductor laser BL (wavelength A, 1 
= 380 nm to 450 run, 405 nm in this case) as a first light 
source serving as the first light source passes through a 
beam splitter BS is converted into a parallel light beam by 
.10 a collimator CL. This light beam then passes through a 
polarization hologram element HOE as a polarization 
diffraction unit, and is focused on the information 
recording surface of a first optical disc DSC1 by an 
objective lens OBJ having a numerical aperture (NA) of 0.85 

15 through the protective layer (thickness t = 0.09 to 0.11 
mm, 0.1 mm in this case) of the first optical disc DSC1 , 
thereby forming a focused light spot on the information 
recording surface. By detecting the reflected light with a 
photodetector (not shown) , the read signal of the 

20 information recorded on the first optical disc DSC1 is 
obtained. 

Referring to Fig. 2, a second semiconductor laser EL 
(wavelength X 2 = 600 nm to 700 nm, 650 nm in this case) 
serving as the second light source emits a light beam 
25 (second beam) with its polarization plane differing from 
that of the light beam emitted from the first semiconductor 
laser BL by 90°. This light beam is reflected by the beam 
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splitter BS and converted into a parallel light beam by the 
collimator CL. This light beam then passes through the 
polarization hologram element HOE serving as a polarization 
diffraction unit, and is focused on the information 
5 recording surface of a second optical disc DSC3 by the 
objective lens OBJ through the protective layer (thickness 
t = 0.5 to 0.7 mm, 0.6 mm in this case) of the second 
optical disc DSC3 , thereby forming a focused light spot on 
the information recording surface. By detecting the 

10 reflected light with the photodetector (not shown) , the 
read signal of the information recorded on the second 
optical disc DSC2 is obtained. 

Let ml be the diffraction order at which the highest 
diffraction efficiency is obtained when the first beam 

15 having the wavelength X 1 = 405 nm passes through a 
diffraction structure (diffraction lens structure) provided 
on the refracting surface of the objective lens OBJ, and m2 
be the diffraction order at which the highest diffraction 
efficiency is obtained when the second beam having the 

20 wavelength A, 2 = 650 nm passes through the diffraction 
structure. In this case, if, for example, diffraction 
orders are selected such that ml = 8 and m2 = 5 , or ml = 6 
and m2 = 4, the difference in diffraction effect between 
the respective wavelengths can be used without a 

25 considerable decrease in diffraction effect at each 
wavelength. This effect makes it possible to correct 
residual spherical aberration of the spherical aberration 
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due to the difference in thickness between the protective 
layers of the respective optical discs which cannot be 
corrected by the difference in divergence angle between 
incident light beams on the objective lens OBJ alone. In 
5 addition, the effect makes it possible to correct chromatic 
aberration due to variations in the wavelength of light 
from the 405-nm light source and an instantaneous 
wavelength fluctuation, and to form a light beam outside a 
light beam of the second beam which corresponds to a 

10 predetermined numerical aperture into flare. In this case, 
the polarization hologram element HOE is only made to 
change the divergence angle of a light beam corresponding 
to the second beam. However, the polarization hologram 
element HOE can also be made to have a function of 

15 correcting spherical aberration due to the difference in 
protective layer thickness for the second beam or a stop 
effect based on the formation of flare. 

0.9< |ml-Xl|/|m2*l2|<l.l ...(1) 
Fig. 4 is a schematic view showing the schematic 

20 arrangement of an optical pickup apparatus according to the 
third embodiment of the present invention which can 
record/reproduce information on a high-density DVD (DSC1) 
and a quasi-high-density DVD (DSC2) , and a conventional DVD 
(DSC3) . 

25 Referring to Fig. 4, the light beam (first beam) 

emitted from a first semiconductor laser BL (wavelength el 
= 380 nm to 450 nm, 405 nm in this case) serving as the 
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first light source passes through a first beam splitter BS1 
is converted into a parallel light beam by a first 
collimator CL1 . This light beam then passes through a 
second beam splitter BS2 and a polarization hologram 
5 element HOE as a polarization ^diffraction unit, and is 
focused on the information recording surface of a first 
optical disc DSC1 by an objective lens OBJ having a 
numerical aperture (NA) of 0.85 through the protective 
layer (thickness t = 0.09 to 0.11 mm, 0.1 mm in this case) 

10 of the first optical disc DSC1, thereby forming a focused 
light spot on the information recording surface. By 
detecting the reflected light with a photodetector (not 
shown) , the read signal of the information recorded on the 
first optical disc DSC1 is obtained. 

15 Referring to Fig. 4, a second semiconductor laser AL 

(wavelength X 1 . = 380 nm to 450 nm, 405 nm in this case) 
serving as the second light source emits a light beam 
(second beam) with its polarization plane differing from 
that of the light beam emitted from the first semiconductor 

20 laser BL by 90°. This light beam is reflected by the first 
beam splitter BS1 and converted into a parallel light beam 
by the first collimator CL1 . This light beam then passes 
through the second beam splitter BS2 and the polarization 
hologram element HOE serving as a polarization diffraction 

25 unit, and is focused on the information recording surface 
of a second optical disc DSC2 by the objective lens OBJ 
through the protective layer (thickness t = 0.5 to 0.7 mm, 
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0.6 mm in this case) of the second optical disc DSC2 , 
thereby forming a focused light spot on the information 
recording surface. By detecting the reflected light with 
the photodetector (not shown) , the read signal of the 
information recorded on the second optical disc DSC2 is 
obtained. 

Referring to Fig. 4, a third semiconductor laser EL 
(wavelength X 3 = 600 nm to 700 nm, 650 nm in this case) 
serving as the third light source emits a light beam (third 
beam) with its polarization plane differing from that of 
the light beam emitted from the first semiconductor laser 
BL by 90°. This light beam is converted into a parallel 
light beam by the second collimator CL2 . This light beam 
is reflected by the second beam splitter BS2 and then 
passes through the polarization hologram element HOE 
serving as a polarization diffraction unit, and is focused 
on the information recording surface of a third optical 
disc DSC3 by the objective lens OBJ through the protective 
layer (thickness t = 0.5 to 0.7 mm, 0 . 6 mm in this case) of 
the third optical disc DSC3 , thereby forming a focused 
light spot on the information recording surface". By 
detecting the reflected . light with the photodetector (not 
shown) , the read signal of the information recorded on the 
third optical disc DSC3 is obtained. 

In the third embodiment, the light beam emitted from 
the first semiconductor laser BL has a polarization plane 
different from those of the light beams emitted from the 
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second and third semiconductor lasers AL and EL by 90°. 
When, therefore, the polarization plane of the light beam 
emitted from the first semiconductor laser BL is set in a 
predetermined direction, even passing through the 
5 polarization hologram element HOE is equivalent to passing 
through a homogeneous plane-parallel medium. For this 
reason, the divergence angle of the light remains the same, 
and the light is incident on the objective lens OBJ in this 
state. This makes it possible to properly record and/or 

10 reproduce information on/from the first optical disc DSC1 
having a 0 . 1 mm thick protective layer. 

On the other hand, the light beams emitted from the 
second semiconductor laser AL and third semiconductor laser 
EL pass through the media of the polarization hologram 

15 element HOE which have refractive indexes n and n', and 
hence the diffraction structure at the interface between 
the media produces a diffraction effect equivalent to that 
. of a positive lens. This causes the light to be incident 
on the objective lens OBJ upon changing the divergence 

20 angle. Even when the same objective lens OBJ is used, 
therefore, information can be properly recorded and/or 
reproduced on/from second and third optical discs DSC2 and 
DSC3 each having a 0.6 mm thick protective layer while 
spherical aberration is corrected. Out of the light beams 

2 5 emitted from the second and third semiconductor lasers .AL 
and EL, providing a diffraction effect of forming a light 
beam passing outside the numerical aperture NA of the 
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objective lens, i.e., 0.65, into flare makes the 
polarization hologram element HOE serve as a stop. This 
reduces coma due to a disc tilt, and hence makes it 
possible to properly record and/or reproduce information. 
5 The polarization hologram element HOE selectively 

diffracts the second and third beams whose polarization 
planes coincide with each other. The diffraction order at 
which the highest diffraction effect is obtained for a beam 
having a wavelength A, 2 dif fers from that for a beam having 
10 a wavelength X3. 

More specifically, a diffraction structure 

(diffraction lens structure) is provided on the refracting 
surface of the objective lens OBJ, and a diffraction order 
m2 (third order) at which "the diffraction efficiency for 
15 the second beam having a short wavelength is made different 
from a diffraction order m3 (second order) at which the 
diffraction efficiency for the third beam having a long 
wavelength becomes maximum. This makes it possible to 
obtain sufficient diffraction efficiencies for both the 
20 second beam and the third beam, and almost uniformly 
provide diffraction effects to change a divergence angle 
for these two beams . 

The diffraction structure of the objective lens OBJ 
will be described in more detail. 
2 5 As shown in Fig. 9, the objective lens OBJ is a 

single lens made of a plastic resin having an incident 
surface 51 and exit surface 52 both of which are aspheric 
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surfaces, with the incident surface 51 having a convex 
shape. 

Note that the objective lens OBJ may be formed by 
combining a plurality of optical elements. In this case, 
5 it suffices if a convex optical surface is provided on the 
object side of. at least one of these optical elements, and 
a diffraction structure 60 to be described later is 
provided on at least one of the optical surfaces on the 
obj ect side and image side . 

10 The diffraction structure 60 which provides a 

diffraction effect, for an incident light beam is formed on 
the entire area of the incident surface 51. The 
diffraction structure 60 is comprised of a plurality of 
diffraction rings 61 which are almost concentrically formed 

15 around an optical axis L and have diffraction effects for 
incident light beams. 

Each diffraction ring 61 is formed in the shape of a 
sawtooth when viewed from a plane along the optical axis L 
(meridional sectional view) , and provides a positive 

20 diffraction effect for a light beam incident on each 
diffraction ring 61 which has a specific wavelength by 
giving a predetermined phase difference to the light beam. 

Note that the "positive diffraction effect" indicates 
a diffraction effect which is provided for a passing light 

25 beam when spherical aberration is to be produced in the 
under direction to cancel out spherical aberration which 
has occurred in the over direction due to an increase in. 
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wavelength . 

A start point 61a and end point. 61b of each 
diffraction ring 61 are located on a predetermined 
aspherical surface S (to be referred to as a "generating 
5 aspherical surface" hereinafter) shown in Fig. 9, and the 
shape of each diffraction ring 61 can be defined by a 
displacement amount in the optical axis L direction with 
respect to the generating aspherical surface S. Reference 
numeral 62 denotes a stepped surface 62 . 

10 In addition, the generating aspherical surface S can 

be defined by a function associated with the distance from 
the optical axis L with the optical axis L serving as a 
rotation center. Note that a method of designing the 
diffraction rings 61 is known, and hence a description 

15 thereof will be omitted. Such a phase difference applying 
structure may be provided for only the exit surface 52. 
Alternatively, such structures may be provided for both the 
incident surface 51 and the exit surface 52. 

Fig. 5 is a schematic view showing the schematic 

2 0 arrangement of an optical pickup apparatus according to the 
fourth embodiment of the present invention which can 
record/reproduce information on/ from a high-density DVD 
(DSC1) , a conventional DVD (DSC3) , and a CD (DSC4) . 

Referring to Fig. 5 > the light beam (first beam) 

25 emitted from a first semiconductor laser BL (wavelength X 1 
= 380 run to 450 nm, 405 nm in this case) serving as the 
first light source passes through a collimator CL and a 
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beam splitter BS . This light beam then passes through a 
polarization hologram element HOE as a polarization 
diffraction unit, and is focused on the information 
recording surface of a first optical disc DSC1 by an 
5 objective lens OBJ comprising at least a first lens, which 
is a diffraction lens having a diffraction structure formed 
on at least one of the lens surfaces thereof from a 
plurality of rings having fine stepped portions, and a 
second lens which is a refraction lens through the 

10 protective layer (thickness t = 0.09 to 0.11 mm, 0.1 mm in 
this case) of the first optical disc DSC1, thereby forming 
a focused light spot on the information recording surface. 
In this case, the objective lens OBJ has a numerical 
aperture of 0.85. By detecting the reflected light with a 

15 photodetector (not shown) , the read signal of the 
information recorded on the first optical disc DSC1 is 
obtained. 

Referring to Fig. 5, a second semiconductor laser EL 
serving as the second light source and a third 

20 semiconductor laser CHL serving as the third light source 
are integrated into one unit, thereby forming so-called two 
lasers in one package. The second semiconductor laser EL 
(wavelength X 1 = 600 nm to 700 nm, 650 nm in this case) 
emits a light beam (second beam) with its polarization 

25 plane differing from that of the light beam emitted from 
the first semiconductor laser BL by 90°. This light beam 
is reflected by the beam splitter BS and incident as a 



SO-1547KUS 

- 29 - 

divergent light beam on the polarization hologram element 
HOE serving as a diffraction polarization diffraction unit, 
and is focused on the information recording surface of a 
second optical disc DSC3 by an objective lens OBJ 
5 comprising at least a first lens, which is a diffraction 
lens having a diffraction structure formed on at least one 
of the lens surfaces thereof from a plurality of rings 
having fine stepped portions, and a second lens which is a 
refraction lens through the protective layer (thickness t = 

10 0.5 to 0.7 mm, 0.6 mm in this case) of the second optical 
disc DSC3, thereby forming a focused light spot on the 
information recording surface. By detecting the reflected 
light with a photodetector (not shown) , the read signal of 
the information recorded on the second optical disc DSC3 is 

15 obtained. 

In addition, referring to Fig. 5, the third 
semiconductor laser CHL serving as the third light source 
(wavelength X 3 = 700 nm to 800 nm, 780 nm in this case) 
emits a light beam (third beam) with its polarization plane 

20 being set in the same direction as that of the light beam 
emitted from the first semiconductor laser BL. This light 
beam is reflected by the beam splitter BS and passes as a 
divergent light beam through the polarization hologram 
element HOE serving as a polarization diffraction unit. 

25 The light beam is then focused on the information recording 
surface of a third optical disc DSC4 , through the 
protective layer (thickness t = 1.1 to 1.3 mm, 1.2 mm in 
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this case) of the third optical disc DSC4, by the objective 
lens OBJ comprising a first lens having a diffraction 
structure formed on at least- one of the lens surfaces 
thereof from a plurality of rings having fine stepped 
5 portions and the second lens which is a refraction lens. 
This forms a focused light spot on the information 
recording surface. By detecting the reflected light with a 
photodetector (not shown) , the read signal of the 
information recorded on the third optical disc DSC4 is 
10 obtained. 

According to the fourth embodiment, since the two 
lasers in one package are used, "the second semiconductor 
laser EL and third semiconductor laser CHL are placed at an 
equal distance from the objective lens OBJ , and hence equal 

15 divergence angles are set. In this state, aberration due 
to the difference in thickness between the protective 
layers cannot be corrected. A polarization hologram 

element is therefore used in the following manner. 

The polarization plane of each of the light beams 

20 emitted from the first semiconductor laser BL and the third 
semiconductor laser CHL is made different from that of the 
second light beam emitted from the second semiconductor 
lasers EL by 90°. When, therefore, the polarization plane 
of the light beam emitted from the first semiconductor 

25 laser BL is set in the predetermined direction, even 
passing through the polarization hologram element HOE is 
equivalent to passing through a homogeneous plane-parallel 
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medium. For this reason, the divergence angle of the light 
remains the same, and the light is incident on the 
objective lens OBJ in this state. The light beam from the 
first semiconductor laser BL is made incident as a parallel 
5 beam on the objective lens OBJ, and the light beam from the 
third semiconductor laser CHL is made incident as a 
divergent light beam on the objective lens OBJ. This makes 
it possible to properly record and/or reproduce information 
on/from the first optical disc DSC1 having a 0 . 1 mm thick 

10 protective layer and the third optical disc DSC4 having a 
1.2 mm thick protective layer. 

On the other hand, the light beam emitted from the 
second semiconductor laser EL passes through the media of 
the polarization hologram element HOE which have refractive 

15 indexes n and n' , and hence 'the diffraction structure at 
the interface between the media produces a diffraction 
effect equivalent to that of a positive lens. This causes 
the light to be incident on the objective lens OBJ upon 
changing the divergence angle. Even when the same 

20 objective lens OBJ is. used, therefore, information can be 
properly recorded on and/or reproduced from the second 
optical disc DSC3 through a protective layer (t = 0.6 mm) 
different from the 1.2 mm thick protective layer while 
spherical aberration is corrected. 

25 As described in the fourth embodiment, let ml be the 

diffraction order at. which the highest diffraction 
efficiency is obtained when the first beam having the 
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wavelength X 1 = 405 nm passes through the diffraction 
structure provided on the refracting surface of the 
objective lens OBJ, m2 be the diffraction order at which 
the highest diffraction, efficiency is obtained when the 
5 second beam having the wavelength X 2 = 650 nm passes 
through the diffraction structure, and m3 be the 
diffraction order at which the highest diffraction 
efficiency is obtained when the third beam having the 
wavelength X 3 = 780 nm passes through the diffraction 

10 structure. In this case, if, for example, diffraction 
orders are selected such that ml = 8 , m2 = 5 , and m3 = 4 , 
or ml = 6, m2 = 4, and m3 = 3, the difference in 
diffraction effect between the respective wavelengths can 
be used without a considerable decrease in diffraction 

15 effect at each wavelength. This effect makes it possible 
to correct residual spherical aberration of the spherical 
aberration due to the difference in thickness between the 
protective layers of the respective optical discs which 
cannot be corrected by the difference in divergence angle 

20 between incident light beams on the objective lens OBJ 
alone. In addition, the effect makes it possible to 
correct chromatic aberration due to variations in the 
wavelength of light from the . 405-nm light source and an 
instantaneous wavelength fluctuation, and to form a light 

25 beam outside a light beam of the second beam or third beam 
which corresponds to a predetermined numerical aperture 
into flare. In this case, the polarization hologram 
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element HOE is only made to change the divergence angle of 
a light beam corresponding to the second beam. However, 
the polarization hologram element HOE can also be made to 
have a function of correcting spherical aberration due to 
the difference in protective layer thickness for the second 
beam or a stop effect based on the formation of flare. 
Dividing the light beam passing area of the polarization 
hologram element HOE into three areas and providing them 
with diffraction structures based on different 
specifications will make it easy to form flare in the use 
of the second and third beams. 

0.9 < | ml • Xl | / | m2 • X2 \ < 1.1" ... (2) 

| m3 • X3 | / | ml • XI \ < 0.9 or 

\ m3 • X3 | / | ml • XI \ > 1.1 ... (3) 

Fig. 6 is a schematic view showing the schematic 
arrangement of an optical pickup apparatus according to the 
fifth embodiment of the present invention which can 
record/reproduce information on a quasi-high-density DVD 
(DSC2) , a conventional DVD (DSC3) , and a CD (DSC4) . 

Referring to Fig. 6, the light beam (first beam) 
emitted from a first semiconductor laser AL (wavelength el 
= 380 nm to 450 nm, 405 nm in this case) serving as the 
first light source passes through a first beam splitter BS1 
is converted into a parallel light beam by a collimator CL. 
This light beam then passes through a second beam splitter 
BS2 and is selectively diffracted by a polarization 
hologram element HOE as a polarization diffraction unit. 
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The parallel light beam is then converted into a convergent 
light beam and incident on an objective lens OBJ having a 
numerical aperture (NA) of 0.65. This light beam is 
focused on the information recording surface of a first 
5 optical disc DSC2 through the protective layer (thickness t 
= 0.5 to 0.7 mm/ 0.6 mm in this case) of the first optical 
disc DSC1, thereby forming a focused light spot on the 
information recording surface. By detecting the reflected 
light with a photodetector (not shown) , the read signal of 

10 the information recorded on the first optical disc DSC2 is 
obtained. Chromatic aberration in the short-wavelength 
light source is corrected by the selective diffraction 
effect of the above HOE. 

Referring to Fig. 6, a second semiconductor laser EL 

15 (wavelength 1 1 = 600 nm to 700 nm, 650 nm in this case) 
serving as the second light source emits a light beam 
(second beam) with its polarization plane differing from 
that of the light beam emitted from the first semiconductor 
laser AL by 90°. This light beam is reflected by the first 

20 beam splitter BS1 and converted into a parallel light beam 
by the collimator CL . This light beam then passes through 
the second beam splitter BS2 and the polarization hologram 
element HOE serving as a polarization diffraction unit, and 
is focused on the information recording surface of a second 

25 optical disc DSC3 by the objective lens OBJ through the 
protective layer (thickness t = 0.5 to 0.7 mm,. 0.6 mm in 
this case) of the second optical disc DSC3 , thereby forming 



SO-1547KUS 



- 35 - 

a focused light spot on the information recording surface. 
* By detecting the reflected light with the photodetector 
(not shown) , the read signal of the information recorded on 
the second optical disc DSC3 is obtained. 
5 In addition, referring to Fig. 6, a third 

semiconductor laser CHL (wavelength A, 3 = 700 nm to 800 nm, 
780 nm in this case) serving as the third light source 
emits a light beam (third beam) with its polarization plane 
differing from that of the light beam emitted from the 

10 first semiconductor laser AL by 90°. This light beam is 
reflected by the second beam splitter BS2 and passes as a 
divergent light beam through the polarization hologram 
element HOE. The light beam is then focused on the 
information recording surface of a third optical disc DSC4 

15 by the objective lens OBJ through the protective layer 
(thickness t = 1.1 to 1.3 mm, 1.2 mm in this case) of the 
third optical disc DSC4, thereby forming a focused light 
spot on the information recording surface. In this case, 
at least one of the surfaces of the objective lens OBJ is a 

20 diffraction surface. Letting X 1 be the wavelength of the 
first light source, ml be the diffraction order at which 
the highest diffraction efficiency is obtained, X 2 is the 
wavelength of the second light source, m2 is the 
diffraction order at which the highest diffraction 

25 efficiency is obtained, X 3 is the wavelength of the third 
light source, and m3 is the diffraction order at which the 
highest diffraction efficiency is obtained, then 
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| m3 • X3 | / | ml • XI | < 0 . 9 or 

| m3 • X3 I. / | ml • XI \ > 1.1 ... (3) 

This diffraction effect corrects spherical aberration due 
5 to the difference in protective layer thickness between the 
first and second optical discs DSC2 and DSC3 and the 
difference in wavelength in cooperation with the difference 
in divergence angle between incident light beams on the 
objective lens OBJ. By detecting the reflected light with 
10 a photodetector (not shown) , the read signal of the 
information recorded on the third optical disc DSC4 is 
obtained. 

According to the fifth embodiment, the polarization- 
plane of each of the light beams emitted from the second 

15 semiconductor laser EL and third semiconductor laser CHL is 
made different from that of the light beam emitted from the 
first semiconductor laser AL by 90°. When, therefore, the 
polarization plane of each of the light beams emitted from 
the second semiconductor laser EL and third semiconductor 

20 laser CHL is set in the predetermined direction, even 
passing through the polarization hologram element HOE is 
equivalent to passing through a homogeneous plane-parallel 
medium. For this reason, the divergence angle of the light 
remains the same, and the light is incident on the 

25 objective lens OBJ in this state. The second light beam is 
made incident as a parallel beam on the objective lens OBJ, 
and the third light beam is made incident as a divergent 
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light beam on the objective lens OBJ. This makes it 
possible to properly record and/or reproduce information 
on/from the second optical disc .DSC3 having a 0 . 6 mm thick 
protective layer and the third optical disc DSC4 having a 
5 1.2 mm thick protective layer. 

On the other hand, the light beam emitted from the 
first semiconductor laser AL passes through the media of 
the polarization hologram element HOE which have refractive 
indexes n and n', and hence the diffraction structure at 

10 the interface between the media produces a diffraction 
effect equivalent to that of a positive lens. This causes 
the light to be incident on the objective lens OBJ upon 
changing the divergence- angle. Even when the same 

objective lens OBJ is used, therefore, chromatic aberration 

15 with respect to only the first beam can be corrected. 

Fig. 7 is a schematic view showing the schematic 
arrangement of an optical pickup apparatus according to the 
sixth embodiment of the present invention which can 
record/reproduce information on a high-density DVD (DSC1),_ 

2 0 a quasi-high-density DVD (DSC2) , a conventional DVD (DSC3) , 
and a CD (DSC4) . 

Referring - to Fig. 7 , the light beam (first beam) 
emitted from a first semiconductor laser BL (wavelength X 1 
= 380 nm to 450 run', 405 nm in this case) serving as the 

25 first light source passes through a first beam splitter BS1 
is converted into a parallel light beam by a collimator CL. 
This light beam then passes through a second beam splitter 
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BS2 and third beam splitter BS3 . The light beam further 
passes through a polarization hologram element HOE as a 
polarization diffraction unit, and is - focused on the 
information recording surface of a first optical disc DSC1 
5 by an objective lens OBJ comprising at least a first lens, 
which is a diffraction lens having a diffraction structure 
formed on at least one of the lens surfaces thereof from a 
plurality of rings having fine stepped portions, and a 
second lens which is a refraction lens through the 

10 protective layer (thickness t = 0.09 to 0.11 mm, 0.1 mm in 
this case) of the first optical disc DSC1, thereby forming 
a focused light spot on the information recording surface. 
By detecting the reflected light with a photodetector (not 
shown) , the read signal of the information recorded on the 

15 first optical disc DSC1 is obtained. 

Referring to Fig. 7, a second semiconductor laser AL 
(wavelength X 1 = 380 nm to 450 nm, 405 nm in this case) 
serving as the second light source emits a light beam 
(second beam) with its polarization plane differing from 

20 that of the light beam emitted from the first semiconductor 
laser BL by 90°. This light beam is reflected by the first 
beam splitter BS1 and converted into a parallel light beam 
by the collimator CL. This light beam then passes through 
the second beam splitter BS2 and third beam splitter BS3 . 

25 The light beam further passes through the polarization 
hologram element HOE serving as a polarization diffraction 
unit, and is focused on the information recording surface 
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of the second optical disc DSC2 by the objective lens OBJ 
comprising at least a first lens, which is a diffraction 
lens having a diffraction structure formed on at least one 
of the lens surfaces thereof from the plurality of rings 
5 having fine stepped portions, and a second lens which is a 
refraction lens through the protective layer (thickness t = 
0.5 to 0.7 mm, 0.6 mm in this case) of the second optical 
disc DSC2 , thereby forming a" focused light spot on the 
information recording surface. By detecting the reflected 
10 light with the photodetector (not shown) , the read signal 
of the information recorded on the second optical disc DSC2 
is obtained. 

In „ addition, referring to Fig. 7, a third 
semiconductor laser EL (wavelength 1 1 = 600 nm to 700 nm, 

15 650 nm in this case) emits a light beam (third beam) with 
its polarization plane being set in the same direction as 
that of the light beam emitted from the first semiconductor 
laser BL. This light beam is reflected by the second beam 
splitter BS2 and passes through the third beam splitter 

20 BS3. The light beam is incident as a divergent light beam 
on the polarization hologram element HOE serving as a 
polarization diffraction unit, and then passes through it. 
Further, the light beam is focused on the information 
recording surface of a third optical disc DSC3 by the 

25 objective lens OBJ comprising at least a first lens, which 
is a diffraction lens having a diffraction structure formed 
on at least one of the lens surfaces thereof from the 
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plurality of rings having fine stepped portions, and a 
second lens which is a refraction lens through the 
protective layer (thickness t = 0.5 to 0.7 mm, 0.6 mm in 
this case) of the third optical disc DSC3 , thereby forming 
a focused light spot on the information recording surface. 
By detecting the reflected light with a photodetector (not 
shown) , the read signal of the information recorded on the 
third optical disc DSC3 is obtained. 

Furthermore, referring to Fig. 7 r a fourth 
semiconductor laser CHL (wavelength 13 = 700 nm to 800 nm, 
780 nm in this case) emits a light beam (fourth beam) with 
its polarization plane being set in the same direction as 
that of the light beam emitted from the first semiconductor 
laser BL. This light beam is reflected by the third beam 
splitter BS3 and is incident as a divergent light beam on 
the polarization hologram element HOE serving as a 
polarization diffraction unit, and then passes through it. 
Further, the light beam is focused on the information 
recording surface of a fourth optical disc DSC4 by the 
objective lens OBJ comprising at least a first lens, which 
is a diffraction lens having a diffraction structure formed 
on at least one of the lens surfaces thereof from a 
plurality of rings having fine stepped portions, and a 
second lens which is a refraction lens through the 
protective layer (thickness t = 1.1 to 1.3 mm, 1.2 mm in 
this case) of the fourth optical disc DSC4, thereby forming 
a focused light spot on the information recording surface. 
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By detecting the reflected light with a photodetector (not 
shown) , the read signal of the information recorded on the 
fourth optical disc DSC4 is obtained. 

According to the sixth embodiment, -the polarization 
5 plane of each of the~ light beams emitted from the first 
semiconductor iaser BL , third semiconductor laser EL, and 
fourth semiconductor laser CHL is made different from that 
of the light beam emitted from the second semiconductor 
laser AL by 90°. The polarization hologram element HOE 

10 diffracts only the second beam emitted from the second 
semiconductor laser AL, thereby correcting spherical 
aberration due to the difference in protective layer 
thickness between the first and second optical discs DSC1 
and DSC2 and providing a stop effect with respect to the 

15 second beam by the formation of flare. 

The objective lens OBJ is comprised of the first 
lens, which is a diffraction lens having a diffraction 
structure formed on at least one of the lens surfaces 
thereof from a plurality of rings having fine stepped 

20 portions and the second lens which is a refraction lens. 
The diffraction structure is designed such that, letting ml 
be the diffraction order at which the highest diffraction 
efficiency is obtained with respect to the wavelength X 1 , 
m2 be the diffraction order at which the highest 

25 diffraction efficiency is obtained with respect to the 
wavelength X 2 , . and m3 be the diffraction order at which 
the highest diffraction efficiency is obtained with respect 
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to the wavelength X3, different integers are set to ml, 
m2 , and m3 . In addition, in order to satisfy equations (2) 
and (3) , for example, the diffraction structure is designed 
to set ml =8, m2 = 5, and m3 = 4 or ml = 6, m2 = 4, and m3 
5 =3. This makes it possible to form good spots on optical 
discs having different protective layer thicknesses by 
using the differences in divergence angle between incident 
light beams without causing a decrease in diffraction 
efficiency to 85% or less at each wavelength. 

10 On the other hand, the light beam emitted from the 

second semiconductor laser AL passes through the media of 
the polarization hologram element HOE which have refractive 
indexes n and n', and hence the diffraction structure at 
the interface between the media produces a diffraction 

15 effect equivalent to that of a positive lens. This causes 
the light to be incident on the objective lens OBJ upon 
changing the divergence angle. Even when the same 

objective lens OBJ is used, therefore, information can be 
properly recorded and/or reproduced on/from the second 

20 optical disc DSC2 having a 0 . 6-nm thick protective layer 
while spherical aberration is corrected. • 

In addition, when the second optical disc DSC2 is 
used, the selective diffraction effect of the polarization 
hologram element HOE forms the outside light beam, which 

25 positions outside a predetermined numerical aperture 
necessary for the second optical, disc DSC2 , into flare to 
prevent it from contributing to the formation of a light 
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spot, thereby allowing the polarization hologram element 
HOE to have a stop function. 

Fig. 8 is a schematic view showing the schematic 
arrangement of an optical pickup apparatus according to the 
5 seventh embodiment of the present invention which can 
record/reproduce information on a quasi-high-density DVD 
(DSC2) , a conventional DVD (DSC3) , and a CD (DSC4) . 

Referring to. Fig. 8, the light beam (first beam) 
emitted from a first semiconductor laser AL (wavelength X 1 
10 = 380 nm to 450 run, 405 nm in this case) serving as the 
first light source passes through a first beam splitter BS1 
and is converted into a parallel light beam by a first 
collimator CL1 . This light beam then passes through a 
second beam splitter BS2 and a polarization hologram 
15 element HOE as a polarization diffraction unit, and is 
focused on the information recording surface of a first 
optical disc DSC2 by an objective lens OBJ through the 
protective layer (thickness t = 0.5 to 0.7 mm, 0.6 mm in 
this case) of the first optical disc DSC2 , thereby forming 
20 a focused light spot on the information recording surface. 
. By detecting the reflected light with a photodetector (not 
shown) , the read signal of the information recorded on the 
first optical disc DSC2 is obtained. 

Referring to Fig. 8, a second semiconductor laser EL 
25 (wavelength X 1 = 600 nm to 700 nm, 650 nm in this case) 
serving as the second light source emits a light beam 
(second beam) with its polarization plane which is the same 
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as that of the light beam emitted from the first 
semiconductor laser. This light beam is reflected by the 
first beam splitter BS1 and converted into a parallel light 
beam by a second collimator CL2 . This light beam then 
5 passes through the second beam splitter BS2 and the 
polarization hologram element HOE serving as a polarization 
diffraction unit, and is focused on the information 
recording surface of a second optical disc DSC3 by the 
objective lens OBJ through the protective layer (thickness 

10 t = 0.5 to 0.7 mm, 0.6 mm in this case) of the second 
optical disc DSC3 , thereby forming a focused light spot^on 
the information recording surface . By detecting the 

reflected light with the photodetector (not shown) , the 
read signal of the information recorded on the second 

15 optical disc DSC3 is obtained. 

Referring to Fig. 8, a third semiconductor laser CHL 
(wavelength X 3 = 700 nm to 800 nm, 780 nm in this case) 
serving as the third light source emits a light beam (third 
beam) with its polarization plane differing from that of 

20 the light beam emitted from the first semiconductor laser 
AL by 90°. This light beam is converted into a parallel 
light beam by the second collimator CL2 . This light beam 
is reflected by the second beam splitter BS2 and then 
passes through the polarization hologram element HOE 

25 serving as a polarization diffraction unit, and is focused 
on the information recording surface of a third optical 
disc DSC4 by the objective lens OBJ through the protective 
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layer (thickness t = 1 . 1 to 1 . 3 mm, 1.2 mm in this case) of 
the third optical disc DSC4 , thereby forming a focused 
light spot on the information recording surface. By 
detecting the reflected light with the photodetector (not 
shown) , the read signal of the information recorded on the 
third optical disc DSC4 is obtained. 

In the seventh embodiment , at least one of the 
surfaces of the objective lens OBJ has a diffraction 
structure, and ml = 6, m2 = 4, and m3 = 3 or ml = 8, m2 = 
5, and m3 = 4 where ml is the diffraction order at which 
the highest diffraction efficiency is obtained when the 
first beam with the wavelength = 405 run passes through 

the lens, m2 is the diffraction order at which the highest 
diffraction efficiency is obtained when the second beam 
with the wavelength X 2 = 650 nm passes through the lens, 
and m3 is the diffraction order at which the highest 
diffraction efficiency is obtained when the third beam with 
the wavelength X 3 = 780 nm passes through the lens. 

The diffraction structure is designed to correct 
spherical aberration due to the difference in protective 
layer thickness between the first and second optical discs 
DSC2 and DSC3 and the third optical disc DSC4 and provide a 
stop effect based on the formation of flare using the 
difference between numerical apertures to be required. 

In this case, since ml • X 1 m2 • X 2 =^= m3 • X 3 , a 
diffraction effect different from other diffraction effects 
acts- on the third beam. If the diffraction structure is 
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made to have both, the function of correcting spherical 
aberration due to the difference in' protective layer 
thicknesses and the stop effect based on the formation of 
frare,. the minimum diffraction pitch decreases, resulting 
5 in requiring high machining precision. However, since the 
polarization plane of the light beam emitted from the third 
semiconductor laser CHL is made different from that of each 
of the light beams emitted from the first and second 
semiconductor lasers AL and EL by 90°, if the polarization 

10 hologram element HOE is designed to exert its diffraction 
effect on only the third beam, a decrease in the minimum 
diffraction pitch of the diffraction structure of the 
objective lens can be prevented. When, therefore, the 
polarization plane of each of the light beams emitted from 

15 the first and second semiconductor lasers AL and EL is set 
in a predetermined direction, even passing through the 
polarization hologram element HOE is equivalent to passing 
through a homogeneous plane-parallel medium. For this 
reason, the divergence angle of the light remains the same, 

20 and the light is incident on the objective lens OBJ in this 
state. This makes it possible to properly record and/or 
reproduce information on/from the first and second optical 
discs DSC2 arid DSC3 each having a 0 . 6 mm thick protective 
layer. Inversely, it becomes possible to exert the 

25 diffraction effect of the polarization hologram element HOE 
on the first and second beams and, on the other hand, not 
exert the diffraction effect on the third beam. In this 
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case, it becomes possible to perform chromatic aberration 
correction in the first and second beams. 

On the other hand r the light beam emitted from the 
third semiconductor laser CHL passes through the media of 
5 the polarization hologram element HOE which have the 
refractive indexes n and n f , and hence the diffraction 
structure at the interface, between the media produces a 
diffraction effect equivalent to that of a positive lens. 

This causes the light to be incident on the objective lens 

v 

10 OBJ upon changing the divergence angle. Even when the same 
objective lens OBJ is used, therefore, information can be 
properly recorded and/or reproduced on/from the third 
optical disc DSC4 having a 1.2 mm thick protective layer 
while spherical aberration is corrected. 

15 Assume that the numerical aperture NA set when the 

third optical disc DSC4 is used differs from those of other 
discs. In this case, if a diffraction structure is 
provided outside (effective diameter) a position 
corresponding to a small numerical aperture NA in the 

20 polarization hologram element HOE, when an optical disc 
with a small numerical aperture NA is used, only a light 
beam passing through the diffraction structure outside the 
effective diameter can be formed into flare. This makes it 
possible to provide a stop function for the polarization 

25 hologram element HOE. 

In all the embodiments described above, the 
polarization hologram element HOE and objective lens OBJ 
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are preferably driven integrally. 

As the structure of the polarization hologram element 
HOE , the two-layer structure shown in Fig. 3 is exemplified 
in the present invention. A polarization hologram element 
having a single-layer structure is conceivable, in which 
the birefringence characteristics are enhanced by mixing 
fine particles (e.g., an acicula) in a resin film and 
devising the direction of the acicula with respect to the 
orientation of the resin. 



